After intravenous injection of a contrast medium the concentration attained in the left ventricle and systemic arteries is too low to produce reliable imaging with conventional x ray techniques. For precise characterisation of left ventricular function current practice relies largely on arterial puncture and selective cardiac catheterisation. This often requires admission to hospital. Advances in computer technology now permit radiographic examination of the left ventricle and major arteries after an intravenous bolus injection of a contrast medium. ' Many patients are investigated for dyspnoea that is thought to be due to left ventricular dysfunction. They are usually subdivided into those with a surgically correctable lesion, such as a left ventricular aneurysm, and those whose condition cannot be improved by surgery In the Technicare system x rays are generated in the conventional manner and having passed through the patient enter the image intensifier (Fig. 1) . The signal from a television camera focused on the output phosphor of the image intensifier is fed to the analogue to digital converter. The acquisition time of the camera may be varied to allow different frame rates. Once in digital form there is no further possibility of noise degrading the signal quality. The signal is converted back to analogue form only for the purposes of display. The core of the system is a DEC PDP 11/34 computer. The digitised data for each frame are stored on disk. For more permanent storage the data are transferred on to magnetic tape. When data are acquired one frame recorded before injection of contrast, the mask frame, is stored in one of the system's memories. The mask frame contains soft tissue and bony shadows. After the injection of a contrast medium a composite frame containing both background and contrast is acquired in another of the system's memories. The mask frame is then subtracted from the composite image. The computer allows this to be achieved virtually instantaneously. The subtraction process is then repeated for each composite frame as it is acquired. The resultant images show vascular structures containing contrast medium with back-ground skeletal and soft tissue structures largely removed. To obtain the best possible subtraction image it is imperative for the patient to remain completely still while the images are recorded. The image chosen as the mask may be varied so that the optimal result is obtained. The system allows selection of field size, frame rate, and pixel density.
PROCESSING OF ACQUIRED DATA Because the images are stored in digital form there is a wide range of possibilities for processing the data after its acquisition. For clinical purposes a hard copy of left ventricular outline is produced in an x ray type format. A video display, however, provides a much better appreciation of left ventricular wall movement. Ejection fraction can be calculated by the computer, and if a suitable calibration is provided stroke volume may be estimated. It is in the techniques used after processing that many of the future refinements of this system will be made. A limitation of the method is a degree of uncertainty concerning the precise location of the aortic valve. There are frames, acquired after contrast has cleared from the left atrium, that allow sufficient definition of the left ventricular outflow tract for a satisfactory estimate to be made.
Results
All the patients were studied to investigate left ventricular wall motion as seen in the right anterior oblique projection. Ten of the patients had globally hypokinetic left ventricular function, six a discrete group.bmj.com on June 16, 2017 -Published by http://heart.bmj.com/ Downloaded from aneurysm, and nine normal left ventricular ftunction.
In each case overall left ventricular wall movement, as visualised by the two methods, was independently assessed. There was agreement in each case on the overall assessment of left ventricular function. Fig. 2 shows the relation between the values of ejection fraction calculated by each method; the results of 20 patients are plotted. In the remaining five cases no comparison was possible because of the frequency of extrasystoles in the conventional angiogram. Fig. 3 shows examples of digital images of normal and globally hypokinetic left ventricles and a left ventricular aneurysm at end diastole and end systole; it was not possible to identify the coronary arteries.
Discussion
Attempts to visualise the left ventricle after intravenous injection of a contrast medium using conventional x ray equipment3 have proved impractical. The development of computer based techniques of image processing have led to renewed attempts to visualise the left ventricle. Kruger et a14 demonstrated the left ventricle in dogs and a human volunteer after an intravenous injection of contrast. The practicality of the intravenous technique and the value of various projections were shown using research apparatus in seven patients with normal hearts.5 A prototype system has been described,6 which emphasises the importance of defining left ventricular function and suggests imaging of the entire coronary artery tree as an objective for this technique. Good correlation has been reported for patients with ejection fractions greater than 0.55 calculated from digital and conventional angiograms.7 8 Other groups of workers have developed the alter- native technique of using an injection of small volumes of contrast medium directly into the left ventricle rather than larger intravenous volumes. The practicality of this approach has been investigated in patients with good left ventricular function by computer assisted post-processing of images recorded on conventional cinefilm.9 Using a prototype apparatus with an effective framing rate of 10 frames/s and diluted contrast medium a close correlation was found for ejection fractions estimated by both digital and conventional techniques.'0 Another group using low volume intraventricular injections confirmed the close correlation and also noted that digital subtraction successfully identified left ventricular wall motion abnormalities. " I Many of these studies have used modifications to conventional x ray apparatus or prototype machines that are not generally available. In the present study we used a dedicated, commercially available system that, unlike many others, has the advantage of storing the data in digital rather than analogue form. The results underline the important advantage over conventional angiography of providing images that are free of extrasystoles. Previous workers have generally studied patients with ejection fractions greater than 0*5. Indeed, one worker'2 considered that digital subtraction was likely to yield poor results when applied to patients with more severe impairment of left ventricular function.
The present study confirms that after the intravenous injection of contrast medium left ventricular wall movement is reliably demonstrated by digital subtraction angiography. Thus 
